Abstract: Enamel covers the dentin in mammalian teeth. It is believed that the enamel structure reflects the function of teeth, since the enamel structure is different depending on an animal's feeding habits. Tooth germ transplantation is a popular method for developmental and tissue engineering research. However, there is little information about the structure of the enamel of transplanted tooth germ, although tooth structure, especially enamel structure, is very important for the function of teeth. In this study, the enamel structure of E13.5 mouse mandible first molars transplanted into the kidney capsule was observed by scanning electron microscopy. Many part of the tooth crown are formed at transplantation 7 day. Although enamel and dentin were observed at the cusp portion, hard tissue was not formed at the cervical portion. The enamel prisms were observed at day 21 after transplantation. The enamel was divided into three layers according to the running pattern of the enamel prisms as normal tooth germ in vivo. However, the width of the various layers was different. It seems likely that the microenvironment surrounding tooth germ may play an important role in determining the structure of the enamel, since normal tooth germ grows in the calcified alveolar bone according as development.
Introduction
Enamel covers the crown dentin of mammalian teeth. The basic unit of enamel is enamel prism, and many structures such as Hunter-Schreger bands are observed in the enamel caused by the running pattern of the enamel prisms. It is generally believed that this running pattern of the enamel prisms reflects the function of the tooth, since the enamel structure of animals is different depending on the animal's feeding habits 1 . Recently, many investigators have focused on tooth development and tooth tissue engineering due to the social need for advances in these fields requirement. Tooth germ culture and tooth germ transplantation are popular methods for such research. For tooth germ culture, modified methods such as the floating method 2 , have been developed to prevent morphological changes in culture tooth germ. Moreover, novel in vitro culture system for tooth root development was designed 3 , although it is difficult to create an in vitro culture to examine root formation, because the tooth root grows in a special environment surrounded by calcified alveolar bone 4 . On the other hand, tooth germs were transplanted into subcutaneous tissue 5 , kidney capsule 6, 7 , spleen 8 and so on. However, there is little information about the tooth structure, especially the enamel structure, of transplanted tooth germs. Therefore, the authors attempted to clarify the enamel structure of the transplanted tooth germ by scanning electron microscope.
Materials and methods
Fetal mice on prenatal day 13.5 (E13.5) were removed from pregnant mice and slaughtered by decapitation under deep anesthesia with diethyl ether. Mandible first molars were dissected out and immediately transplanted into the kidney capsule. Host mice were perfused with 4% paraformaldehyde in 0.1M phosphate buffer (pH 7.4) after transplantation 7, 14, 21 days. The removed kidney was immersed in the same fixative for an additional 2-3 days at 4 o C. Then, the transplanted tooth germs were removed from the kidney. After optical microscopic observation, specimens were embedded in polyester resin and polished medial-distally until a miller surface was achieved with diamond paste. Then, specimens were etched by 0.5% hydrochloride solution for 30 seconds. After critical point drying and Au coating, observation was made of the ground surface by means of scanning electron microscopy (SEM).
Results
At transplantation day 7, transplanted tooth germ closely resembled normal mandible first molar ( Fig. 1 ) Hard tissues, enamel and dentin, were not observed at cervical portion, although cell elements of tooth germ, i.e., inner enamel epithelium, odontoblasts and other pulp cells, were recognized (Fig. 2) . In contrast, the enamel and the dentin were formed at the cusp portion of the transplanted tooth germ (Fig. 3) . Moreover, the enamelfree area, a specific structure of the rodent molar, was observed at the cusp tip (Fig. 3) .
At transplantation day 14, the transplanted tooth germ grew toward both the lingual-buccal and medial-distal directions (Fig.  4) . The crown formation was finished and the tooth root was observed in the transplanted tooth germ (Fig. 5) . The enamel was formed from the cusp portion to the cervical portion. The width of enamel at this stage was thicker than that after transplantation day 7 (Fig. 5) . However, enamel prisms were not observed anywhere in the enamel (Fig. 6) .
At transplantation day 21, the lingual-buccal width was extended, although the medial-distal length was not obviously changed (Fig. 7) . The tooth root formation advanced (Fig. 8). Fig.  218 J.Hard Tissue Biology.14(2)Proceeding,2005 9 and Fig. 10 show different areas of the transplanted tooth enamel. In Fig. 9 , the enamel prisms were clearly observed and the enamel was divided into three layers by the running pattern of the enamel prisms. The enamel prisms ran parallel to each other in the surface layer of the enamel, and in a complicated manner and formed a special pattern in the middle portion of the enamel. Moreover, the enamel prisms were shown to be opaque in most of the inner part of the enamel (Fig. 9) . However, the width of each layer was different from that of the layers in the normal enamel structure in vivo 9 . In Fig. 10 , the running pattern of the enamel prisms in the middle area was irregular. However, this pattern was also similar to that of the normal tooth germ 9 . Fig. 1 shows an occlusal view of transplanted tooth germ by optical microscope at transplantation day 7. The black line shows the grinding plane. Inner enamel epithelium (IEE) and odontoblasts (OD) are observed at the cervical portion (Fig. 2) , although enamel (E) and dentin (D) are formed at the cusp tip (Fig. 3) . Moreover, an enamel-free area (asterisk) exists at the cusp tip. Fig. 4 shows an occlusal view of transplanted tooth germ by optical microscope at transplantation day 14. The tooth germ grows in both the lingual-buccal and medial-distal directions. The black line shows the grinding plane. Fig. 5 shows a SEM image of the ground surface. Tooth formation already begins to occur at this stage (Fig. 5 arrow) . The enamel prisms are not observed in whole enamel (Fig. 6 ). Fig. 7 shows an occlusal view obtained by optical microscopy at transplantation day 21. the black line shows the grinding plane. The tooth root formation has advanced (Fig. 8 arrow) . Fig. 9 and Fig. 10 are higher magnification of "a" and "b" in Fig.  8 respectively. The enamel is divided into three layers by the running pattern of the enamel prisms (Fig.  9, 10) . D: dentin, E: enamel Discussion A previous study showed that the enamel of the mouse mandible first molar in vivo is divided into three layers by the running pattern of the enamel prisms 9 . This study showed the same results in an in vivo study. However, the width of each layer of the transplanted tooth germ was different from that of normal tooth germ in vivo. It is generally known that tooth germ grows in the calcified alveolar bone as developmental process. Moreover, studies using ordinary tooth germ culture methods have failed to observe root formation due to the presence of calcified alveolar bone in the mandible 4 . On the other hand, it was reported that the running pattern of the enamel was formed by the positive interaction of ameloblasts and
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In previous transplantation studies, there was no discussion about the tooth shape of transplanted tooth germs. Since tooth germs fell down according as hard tissue formation and the morphology of tooth germ affected for this accident in long-term tooth organ culture, a floating method was designed 2 . However, there is little information about the transplanted tooth germ, since many investigators did not focus on the tooth structure. In the present study, the growth in the lingual-buccal direction occurred later than that in the medial-distal direction. It is supposed that the tension between the kidney capsule and kidney cortex acted as a lingual-buccal axis in this study, and the shape of the tooth germs might have been influenced by the direction of tooth germ. Therefore, when tooth germs are transplanted, attention must be paid the direction of the tooth germ.
The blood supply is very important for transplantation, as it provides nutrition. It is likely that the condition of the transplanted tooth germ is more strongly affected by the environment of the host compared with other types of tissue transplantation, since enamel, dentin and cementum calcify during development. In this study, the kidney capsule was selected as the host tissue, and histological examination were performed. The authors intend to analyze the chemical elements, hardness, fine structure of other hard tissues and differences between host tissues after the transplantation.
